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Wc, Babcock & Wilcox Limited, a British 
Company, of Babcock House, 209/225 Euston 
Road, London, N.W.I do hereby declare the 
invention for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be described 
in and by the following statement:-— 

This invention relates to automatic control 
svstcms for vapour generating plant. In the use 
of a modem high-capacity vapour generator 
for supplying steam at high pressure to a 
turbine in a power station, the starting up of 
the vapour generator and turbine in a man- 
ner ensuring safety of the plant is a compli- 
cated process calling for skilled and 
experienced operators able to act quickly and 
with judgement upon the occurrence of ab- 
normal conditions. The shutting down of the 
vapour generator likewise requires skill and 
experience and particularly under emergency 
conditions may demand immediate and cor- 
rect action. If, during starting up or shutting 
down an operator fails to take correct action 
sufficiently quickly,. or at all, or exerts a wrong 
control, the possibility arises that the plant 
mav be rendered unavailable for a long period 
of time and the resultant damage may be very 
cosdy to repair. 

The modern high-capacity vapour generator 
utilises as firms means a considerable number 
of burners which may, for example, be oil 
burners or pulverised fuel burners of which 
dirterent burners cr groups of burners are 
supplied with pulverised fuel from respective 
milis and commoniv the combustion air is sup- 
plied by a plurality of forced-draught fans 
and a plurality of induced-draught fans. In 
the event of failure of a fan, operation of the 
vapour generator in some cases may be con- 
tinued safely at reduced load but, inasmuch 
as die reduced combustion air supply may 
result in flame instability if all burners are 
retained in operation, the necessity arises of 

[Price 4s. 6d.] 



shutting down a burner or burners. This 
would be a simple requirement were it not 
for the fact that a burner or burners may be 
out of operation and must not be selected for 
emitting down. Consider, for example, the case 
of a pulverised fuel-fired generator having a 
number of pulverising mills of which at least 
one is a reserve mill, whilst the burner shutting 
down is to be effected by terminating opera- 
tion of a mill or mills. Clearly a mill or mills 
other than a reserve or inoperative mill must 
be chosen for shutting down. Whilst in theory 
this difficulty may be overcome by the use of 
suitable interlocks, as the number of mills is 
increased the complication becomes so great 
that interlocking is hardly a practical solution. 

During operation of a vapour generator 
fired with a fuel containing solid incombustible 
matter, the necessity arises of cleaning exterior 
heat exchange surfaces from time to time. 
The cleaning may be accomplished by a sys- 
tem of blowers or shot cleaning may be used 
in an upright pass containing convection heat 
exchange surfaces. Whilst in general the 
blowers are power operated and subject to 
automatic control to effect the actuation in 
proper sequence, the initiation of the cleaning 
operation calls for the attention and judge- 
ment of an operator. If on the one hand the 
operator effects cleaning of the surfaces too 
infrequently, the boiler efficiency surfers 
through a reduction in the effectiveness of the 
heat transfer surfaces. If on the other hand 
cleaning of the surfaces is carried out too often 
energy is uselessly dissipated in the cleaning 
medium and there is unnecessary wear on the 
cleaning apparatus. 

The present invention includes a control 
system adapted to start up or shut down a 
vapour generator, wherein the system includes 
storing means adapied to contain a coded pro- 
gramme and automatically to put the pro- 
gramme into effect by the issuance in succes- 
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sion of signals each expressed as a particular 
sequence of stares, each state being a binary 
state, that is to say a state selected from two 
possible states. 

5 The invention will now be described, by 
way of example, with reference to the accom- 
panying diagrammatic drawings, in which: — 
Figure 1 is a diagram indicating in sec- 
tional side elevation a steam generating and 

10 superheating and reheating unit, auxiliary 
equipment . thereof, a two stage steam turbine, 
and a digital computer arranged to control 
the ^ operation of that unit and its auxiliary 
equipment, the unit being shown in section 

15 taken on the I — I of Figure 2 and as viewed 
in the direction indicated by the arrows; 

Figure 2 is a front elevation of the unit 
shown in Figure 1, as viewed in rhe direction 
indicated by the arrows II — II; 

20 Figure 3 is a diagram indicating condition 
sensing devices and controlling devices asso- 
ciated with the unit and its auxiliary appara- 
tus; 

Figures 4 to 19 are diagrammatic repre- 

25 sentations of various types of sensing and con- 
trolling devices suitable for use in an arrange- 
ment such as that of Figure 3; 

Figure 20 is a diagram showing a control 
system utilising sensing and controlling devices 

30 shown in Figure 3; 

Figure 21 is a diagrammatic representation 
of a local controller shown in Figure 20; and 
Figures 22A and 221 taken in sequence, 
set out as a flow diagram the sequence of 

35 events in a digital computer as it starts the 
unit of Figures 1 and 2 from a cold state. 

Referring first to Figure 1 and Figure 2 of 
the drawings, the steam generating, superheat- 
ing and reheating unit 1 includes two vertic- 

40 ally elongated furnace chambers 2A and 2B 
arranged side by side and separated by a water 
tube partition wall X, the other walls of the 
furnace chambers being lined with steam 
generating water tubes arranged for a natural 

45 circulation of water and connected at their 
upper ends to a steam and water drum 3. A 
common gas pass 4 extends sidewardly from 
upper regions of both furnace chambers 2A 
and 2B and communicates with a downpass 5. 

50 Thirty two pulverised fuel burners 6 dis- 
posed in four horizontal nnvs of eight burners 
each are so arranged that four burners in each 
row discharge through the front wall 7 of the 
furnace chamber 2A and the remainder dis- 

55 charge through the front wall of furnace 
chamber 2B. These burners are supplied 
through pipes S with a mixture of pulverised 
coal and entraining primary air, and are sup- 
plied with secondary air from compartments 

60 9A, 9B of a surrounding air box 9 respectively 
associated with the two" furnace chambers 2A, 
2B. A radiant superheater 10 extends across 
the front wall of the two furnace chambers in 
the vicinity of the pass 4. In the common gas 

65 pass 4 are arranged a secondary superheater 



1 1 and the final stage 12 of a reheater of which 
the initial stage 13 is disposed in the down- 
pass 5. In the downpass 5, below the stage 13, 
are arranged a primary superheater 14 and, 
below that, an economiser 15. At the two 70 
opposite sides of the gas pass are provided 
Ljungstrom air heaters 16A and 16B respec- 
tively, each driven by its own electric motor, 
referred to as 17A, 17B of which 17B is shown 
in figure 3, having motor actuated controllers 75 
referred to as 17XA, 17XB, of which 17XB 
is shown in figure 3. The steam space of drum 
3 is connected by a pipe 18 to an inlet header 

19 of primary superheater 14, oudet header 

20 of which is connected by a pipe 21 to 80 
inlet header 22 of the radiant superheater 10. 
Outlet header 23 of that superheater 10 is 
connected by a pipe 24 to inlet header 25 of 

the secondary superheater 11, the outlet header 
26 of which is connected by a steam main 27 85 
to the inlet of the high pressure stage 28 of a 
turbine 29. The outlet of stage 28 is connec- 
ted by a steam main 30 to inlet header 3 1 of 
the reheater initial stage 13, the tubes of which 
continue into the reheater final stage 12, and 90 
outlet header 32 of which is connected by a 
steam main 33 to the inlet of low pressure 
stage 34 of the turbine 29. 

Two forced draught fans 40A, 40B have 
their outlet ducts 41A, 41B respectively con- 95 
nected to air ducts 42A, 42B of the air heaters 
16A, 16B, which ducts are respectively con- 
nected to compartments 9A, 9B of the wind- 
box 9. Four coal pulverising mills are provided 
each feeding one horizontal row of eight fuel 100 
burners 6, and each of air heater ducts 42A 
and 42B supplies hot air to two mills. Thus 
air heater duct 42B is connected to the wind- 
box 43 of an air swept coal pulverising mill 44 
to which coal is fed from a storage hopper 45 105 
through a gravity pipe 46 and a motor driven 
coal feeder 47. the mill 44 includes a classi- 
fier and fine particles of pulverised coal are 
swept by air from the windbox 43 from the 
mill through a duct 48 leading to the pipes 110 
8 of the upper row of burners 6. The other 
three mills are not shown in the drawings but 
are similar to that described above and are 
arranged severally to feed pulverised fuel to 
the other three horizontal rows of burners 6. 115 

The flue gas exit of air heater 16B is con- 
nected to a group of cyclone grit arrestors (not 
shown) the oudet ends of which are connected 
to the inlet of an induced draught fan 49B 
from which the outlet duct 50B is connected 120 
to a chimney, not shown, and the flue £*as exit 
of air heater 16A is similarly connected 
through an induced draught fan 49 A and out- 
let duct 50A, not shown, to the chimney. 

For the purpose of control of the tempera- 125 
ture of reheated steam, a by-pass 53 controlled 
by a motor actuated damper 54 extends from 
adjacent reheater section 12 to a level in 
downpass 5 below the reheater section 13. 

The steam generating, superheating and re- 130 
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heatinsr unit described above mav be taken, 
for the purposes of die present specification, 
as being of orthodox construction/the various 
details of the unit being well known in the 
5 steam boiler an. 

The unit described above includes a multi- 
plicity of control devices in the form of valves, 
dampers and electric motors driving fans, air 
heaters and pumps, and a multiplicity of sen- 

10 sitivc devices in the form of limit 'switches, 
pressure switches, temperature switches, 
thermocouples, flow meters, tacho-gencrators, 
switch-position indicating contacts, and mov- 
ing-element position indicating devices. The 

15 locations of these control devices in these 
sensitive devices arc indicated in Figure 3, in 
which the various parts of live unit shown in 
Figures 1 and 2, and of auxiliary equipment, 
are shown in non-spatial arrangement. 

20 Since these control devices and these sensi- 
tive devices fall into certain natural groups 
according to the type of effect they produce, 
one device representative of each group will 
be described in detail below with reference to 

25 Figures 4 to 1° before proceeding to a de- 
tailed discussion of Ficure 3 of a digital 
computer 53 shown in Figure 1. 

FiVure 4 iilu?i rates a valve 61 connected to 
control lluid flow in pipe line 62 and having 

30 an actuating shaft 63 movable by a motorised 
control device 64 between a first position in 
which the valve is open and a second position 
in which the valve is closed. It is desired to 
provide positive remote indications when the 

35 valve is fully closed and when it is fully open. 
A double limit switch 65 is provided "having 
a movable armature 66 which completes the 
circuit between one pair oi contacts only when 
the valve fully closed and completes an- 

40 other circuit between a second pair of contacts 
only when the valve is fully open. In the fol- 
lowing description valves fined with a double 
limit switch in this manner are allotted de- 
signations consisting of the letters V:LL: 

'15 followed by a number, and in the drawings, to 
relieve congestion, these designations are ap- 
plied to the output lead 67 from the limit 
switches. 

Figure 5 illustrates a valve 71 connected to 

50 control fluid flow in a pipe line 72, and 
having an actuating shaft 73 movable by a 
motorised control device 74 between a first 
position in which the valve is open and a 
second position in which the valve is closed. 

55 It is desired to provide a positive remote indi- 
cation when the valve is at a selected limiting 
position, and a single limit switch 75, similar 
to the limit switch 65 but with one pair of 
contacts either omitted or not used, is coupled 

60 to the actuating shaft 73. In the description 
valves fitted with single limit switches in this 
manner are allotted designations consisting of 
the letters V:L: followed by a number, "ap- 
plied to the output lead from 77 from the 

65 limit switch. 



Figure 6 illustrates a valve SI connected to 
control iluid flow in a pipe line S2 and hav- 
ing an actuating shaft S3 movable by a 
motorised control device 84 between a first 
position in which the valve is open and a 70 
second position in which the valve is closed. 
It is desired to provide a positive remote indi- 
cation of the degree of opening of the valve 
and, since the indication is to be fed to a com- 
puter operating with binary scale numbers, to 75 
give the indication in the' form of a binary 
number. In the arrangement shown, the degree 
of accuracy required in the remote indication 
is such that the travel of valve actuating shaft 
S3 may be considered as divided into 64 equal 80 
pans and all that is required is an indication 
of in which part the shaft S3 lies. A device 
85, which will be referred to as a local digital- 
iser, is indicated in Figure 6 and is shown in 
diagrammatic form in Figures 7 and 8. It 85 
has a rotary input shaft 86 suitably coupled 
to the shaft 83, extending through "a bearing 
87 provided in the wall of a casing 88 and 
carrying, inside the casing a large spur sear 
wheel S9. Gear wheel 89 engages a much 90 
smaller gear wheel 90 mounted" on a shaft 91 
supported and positioned by a bearing 92 
secured to the casintr SS, the* velocity ratio of 
the drive from shaft 83 to shaft 91 being 
chosen so that, as the vaive moves from one 9"> 
limit of its travel to the opposite limit, the 
shaft 91 completes just less than one complete 
revolution. Shaft 91 also carries a disc 93 of 
insulating material upon one face 93A of which 
is formed a printed electrical circuit indi- 100 
cated diagrammatically only in Figure S, This 
circuit is in the form of a metal film covering 
the whole face of disc 93 with the exception 
of a central area 95 and an arrangement of 
arcuate apertures indicated generally by 96. 105 
These arcuate apertures are' in the' form of 
parts of six concentric circles centred on the 
axis of shaft 91. At the inner circle there is 
one arcuate aperture 96A embracing 180 de- 
grees; at the next circle there are two equally 110 
spaced arcuate apertures 96B each embracing 
90 degrees; at the next circle there are four 
equally spaced arcuate apertures 96C each 
embracing 45 degrees; at the next circle there 
are eight equally spaced arcuate apertures 96D 115 
each embracing 22-]- degrees; at the next cycle 
there are sixteen equally spaced apertures 96E 
each embracing 11£ degrees; and at the outer- 
most circle there arc thirty-two equally spaced 
apertures 96F each embracing 5f degrees. The 120 
manner in which the apertures in each circle 
are oriented with respect to those of the 
other circles is indicated in Figure S, the 
important features being that the ends of 
every aperture lie on one ef the sixty-four 125 
equally spaced radial lines which severally pass 
through the ends of the apertures and, at one 
of these radial lines indicated by the dotted 
line 102., the leading ends of apertures 96A, 
96C, 96E and the trailing ends of the aper- 130 
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tures 96B, 96D and 96F are all in alignment. 
The arrow Y indicates the sense of rotation 
of the disc 93 taken in deciding which are 
leading and which are trailing ends of the 

5 apertures. 

A Jus 99 is provided on the casing 88 and 
carries ~a block of insulating material 100 
formed with seven cylindrical holes 101 
having their axes parallel and lying in a plane 

10 normal to the disc 93 and passing through 
the axis of shaft 9L The block 100 is close to 
the face 93A of the disc 93 and the seven 
holes 101 severally contain seven plungers 112 
guided by the walls of the holes and biassed 

15 by springs 103 into contact with the disc face 
93A! Each of the six radially outer plungers is 
so positioned as to engage the disc 93 at one 
of the circles of apertures 96 as the disc 
rotates and the end in contact with the disc 

20 is such that, when the plunger is opposite one 
of the apertures, the plunger enters the aper- 
ture to touch the insulating portion of the disc 
93 without contacting the metal fiim of the 
electrical circuit. The seventh innermost 

25 plunger 112 contacts the metal film contin- 
uously. Electrical leads severally from the 
seven plungers 112 are bound together in an. 
electrical cable denoted in Figure 6 by the out- 
put lead 107. 

30 The lead connected to the radially inner- 
most plunger 112 is a common lead, and 
through the plunger is at all times connected 
to the metal fiinfon the face 93A of disc 93. 
When that common lead is energised, the state 

35 of enereisation of each of the other six plun- 
gers 112 will depend upon whether or not it 
fs in an acernare 96, and this again will de- 
pend upon the angular position of the disc 
93. Over one complete rotation of the disc 93, 

**0 in erc will be 64 unique combinations of states 
of energisation oi these six plungers 112, so 
that the~ output from the device gives an indi- 
cation of The position of the disc 93 and thus 
of the positions of the input shaft S6 and the 

45 valve actuating shaft 83. In the description 
below, valves fitted with a local digitaliser 
arc given the designation V:D followed by a 
number and applied to the output lead 107. 
Figure 9 illustrates a damper 121 arranged 

50 to control gas fiow in a duct 122 and having 
an actuating shaft 123 movable by a motorised 
control unit 124 between a first position in 
which the damper is open to a desired extent 
and a second position in which the damper- is 

55 closed. To provide a positive^ remote indica- 
tion when the damper is in a limiting position, 
a limit switch 125 similar to the limit switch 
65 of Figure 4 is coupled to the actuating 
shaft 123. In the description below dampers 

60 fitted with such a double limit switch are 
allotted desicnations consisting of the letters 
D:LL: followed by a number and in the 
drawings this designation is applied to the 
ouput load 127 from the limit switch. Where 

65 only one limiting position of the damper is to 



be remotely indicated, a switch similar to the 
switch 75 of Figure 5 is used and the desig- 
nation D : L : followed by a number is given. 

Figure 10 illustrates a damper 131 arranged 
to control gas flow in a duct 132 and having 70 
an actuating shaft 133 movable by a motorised 
control unit 134 between a first position in 
which the damper is open to a desired extent 
and a second position in which the damper is 
closed. In order to provide a remote indication 75 
of the degree of opening of the damper 131, a 
local digitaliser 135, similar to the digitaliser 
85 described above, has its rotary input shaft 
136 connected to the actuating shaft 133 and 
provides its indication through an output lead 80 
137. Dampers provided with a local digitaliser 
in this manner are given the designation 
D : D : followed by a number, applied to the 
output lead 137. 

Figure 11 illustrates a movable element 8d 
141 which could be, for example, a furnace- 
starting-up oil burner, having an actuating 
shaft 143 movable by a motorised control unit 
144 between a first position and a second 
position. In the case of the oil burner, these 90 
two positions could be respectively the for- 
ward position in which the oil burner is ad- 
vanced into a furnace chamber during starting 
up of the furnace, and the withdrawn position 
in which the burner is outside the furnace ^ 
chamber and so protected from the radiant 
heat therein. A limit switch 145 coupled to 
the shaft 143 indicates whether the movable 
element 141 is in either of its limiting posi- 
tions as described above in connection with 100 
Figure 4. Such a movable clement with a 
double limit switch is given the designation 
ME:LL: followed by a number, applied to 
its output lead 147. Where remote indication 
of one limiting position ^ufnees, a single limit * ,j:> 
switch similar to that shown in Figure 5 is used 
and the designation applied to the output lead 
is AIE : L : followed by a number. 

Figure 12 indicates a movable element 151 
similar to rhe movable element 141, having an HO 
actuating shaft 153 movable by a motorised 
control unit 154 and having a local digitaliser 
155 coupled to the actuating shaft 153 to 
provide a remote indication of limiting and 
intermediate positions of the movable element, 115 
in the manner described in connection with 
Figure 6. Such a movable element is given the 
designation ME : D : followed by a number 
applied to the output lead 157. 

In each of the Figures 4, 5, 6, 9, 10, 11 and 120 
12 a motorised control unit has been shown, 
provided ro reposition an actuating shaft of 
some piece of equipment such as a gas flow 
controlling damper. Such motorised control 
units arc well known in the an of control 125 
equipments and no detailed description is 
given herein. It will be understood that when 
such units are provided they 'rill be provided 
with suitable connections to a remote control 
unit and with suitable limit switches to pre- 130 
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vent overrunning. Furthermore, in the case of 
valves, dampers^and other auxiliary equipment 
which, during starting-up of the steam gener- 
ating superheating and reheating unit, can be 
5 positioned by hand before the actual starting- 
up operation is commenced, these motorised 
control units may be omitted with consider- 
able economy, and where no motorised control 
unit is shown on the actuating shaft of a valve, 
10 damper or other piece of equipment it may be 
taken that the actuating shaft is intended to 
be manually set to a desired position. 

Figure 13 illustrates in a diagrammatic 
manner means for giving a remote indication 
15 that a preset pressure has been exceeded in a 
container of which one wall is indicated at 
161. A pressure sensitive device indicated dia- 
grammatically at 162 as a piston 163 slidabie 
in a cylinder' 164 one end of which is in com- 
20 munication through a hole 165 with the in- 
terior of the container has an output shaft 166 
the axial position of which is an indication of 
the pressure in the container. This can be 
effected bv the provision of spring means, not 
25 shown, acting on the shaft 166 and tending to 
counter the force exerted by the pressure 
within the container. A limit switch 167, suit- 
ably similar to the switch 75 of Figure 5, is 
operatively connected to the shaft 166 and 
30 indicates when the shaft has reached or passed 
beyond a predetermined axial position and 
thus whether the pressure in the container is 
above or below the present value. Such pres- 
sure indicating means are indicated in the fol- 
55 lowing description by the designation P:L: 
followed by a number applied to the output 
lead 16S from the switch. 

Figure 14 illustrates the device shown in 
Figure 13 but with the switch 167 replaced 
40 with a local electronic amplifier 177 the out- 
put lead 17S of which thus provides a remote 
indication of the pressure in the container. 
Such devices are given the designation P:A: 
followed by a number and applied to the out- 
45 put lead 17S. 

Fisure 15 illustrates in a diagrammatic 
manner means for giving a remote indication 
that a preset temperature has been exceeded in 
a container of which one wall is indicated at 
50 1S1. A temperature sensitive device 182, 
suitably one incorporating a bimetallic strip, 
has an outout shaft 183 the axial position of 
which is an indication of the temperature being 
measured. The output shaft 1S3 is operatively 
55 connected to a limit switch 1S4 similar to the 
switch 75 of Figure 5. The state of the switch 
1S4 indicates whether the temperature in the 
container is above or below a preset value. 
Such temperature indicating means are given 
60 the designation T:L: followed by a number 
and applied to the output lead 188 of the 
switch. . 

Figure 16 illustrates in a diagrammatic 
manner means for giving a remote indication 
65 of the temperature in die container of Figure 



15. Since the temperature sensitive device 
1S2 can produce in its output shaft 1S3 neither 
the force nor die range of movement required 
to drive a local digitaliscr of the type shown 
in Figures 6 to 8,' the device 1S2 is arranged 70 
to control an electronic amplifier 194 die out- 
put lead 19S of which thus carries a signal 
indicative of the temperature in the con- 
tainer. Such temperature sensitive devices pro- 
vided witn a local amplifier arc given the de- 75 
signation T:A: followed by a number and 
applied to the output lead 19S. 

Figure 17 illustrates means for indicating 
the flow of fluid in a conduit 201 and in- 
cludes a constriction in the conduit 201, SO 
formed by an orifice plate 202, pipes 203 
communicating with the conduit respectively 
on opposite sides of plate 202 being connected 
to differential pressure device 204 including a 
diaphragm biassed in one direction by a spring 85 
and subject on its two sides respectively to 
the pressures in the pipes 203. An electrical 
signal indicative of the position of the dia- 
phragm is fed to an amplifier 205 and the 
output lead 20S of the amplifier carries a sig- 90 
nal indicative of the position of the diaphragm 
and thus the flow of fluid in the conduit 201. 
Such differential pressure devices provided 
with a local amplifier are given the designa- 
tion DP: A: followed by a number and 95 
applied to the output lead 208. 

Figure 18 illustrates means for indicating 
remotely the speed of rotation of a shaft. A 
fan 211 is driven through a shaft 212 by an 
electric motor 213. The shaft 212 is coupled by 100 
gearing to a rotary input shaft 215 of a small 
electrical generator 216, the output voltage of 
which depends upon the speed of rotation of 
shaft 215 and thus shaft 212. Such shaft 
speed indicating devices, which will be re- 105 
fcrred to as tacho-meter generators, are given 
the designations S : SP : followed by a number 
and applied to the output lead 218 from the 
tacho-generator. 

Figure 19 illustrates the manner in which 110 
auxiliary contacts 221 are arranged so that 
they are closed by a block 222 fixed to the 
switch arm 223 of an electrical switch when 
that s;vitch arm is moved to close a main elec- 
trical circuit between a pair of leads 224. The 115 
block 222 is insulated from the switch arm 
223, and the auxiliary contacts have an output 
lead 22S the state of energisation of which 
indicates whether the mam electrical circuit is 
open or closed. Such switches provided with 120 
auxiliary contacts are given the designations 
S\V : L :' followed by a number and applied to 
the output lead 22S. 

Referring now to Figure 3, and utilising the 
foregoing description of the various compon- 125 
ents to abbreviate the references to the com- 
ponents provided, a fcedwater pump 301 
driven by an electric motor 302 and having 
an inlet pipe 303 has its outlet pipe 304 con- 
nected to the inlet of economiser 15. In the 130 
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pipe 304 are provided a water flow measuring 
device DP : A : 305, a water pressure measur- 
ing device P:A:306 and a motor operated 
water control valve means comprising an 

5 orthodox feed water control valve 307 with a 
small by-pass valve 308 which opens before, 
and closes after, the valve 307 to permit the 
precise regulation of small water flows. The 
ends of the econcmiser 15 are connected to- 

10 gether by a local recirculation pipe 311 pro- 
vided with a stop valve V:LL:312 having a 
double limit switch. The economiser outlet is 
connected to the lower headers of the water 
tubes, indicated by 313, which line the furn- 

15 ace chambers and form the furnace partition 
wall, and these headers are provided with 
blown down valve means, one such means 
being shown as a stop valve V:L:315 and a 
regulating valve V:L:316, each of which has 
20 a limit switch which shows when the valve is 
closed. 

The upper ends of the wall tubes communi- 
cate with the boiler drum 3, to which arc 
applied a number of indicating and control 
25 devices. A water level gauge 317 is provided 
with isolating cocks V:L:31S and V;L:319 
provided with limit switches which indicate 
when they are open and a drain cock V: L: 320 
which is provided with a limit switch which 
30 shows when the valve is closed. At a low level 
in the drum is provided blow down means 
having a motor operated control valve 
V:L:321 and a manually operated stop 
valve V:L:322 each provided with a limit 
35 switch which shows when the valve is closed. 
Connected to the steam and water spaces of 
the drum 3 is a water level indicating device 
Indicated by DP: A: 325. At its highest level 
the drum is provided with manually operated 
40 valve controlled air vents of which one is indi- 
cated by V:L:325, each valve being pro- 
vided with a limit switch which shows when 
the valve is closed. To the steam space in 
the drum is connected a steam pressure indi- 
45 eating device P:A:326. Spaced apart around 
the circumference and along the length of the 
drum 3 ^re thermo-couples adapted to provide 
a measure of the temperature of the metal of 
the drum wall, two of these being shown at 
50 T: A: 32S and T: A : 329 respectively. 

The steam space of the drum is connected 
by pipe means 333 to the inlet of primary 
superheater 14, the pipe means being provided 
with motor actuated condensate drain valves 
55 such as the valve V:LL:334 provided with 
a double limit switch. The lower header of 
superheater 14 is provided with a motor ac- 
tuated condensate drain valve V:LL:335 pro- 
vided with a double limit switch. The oudet 
60 of primary superheater 14 is connected to the 
inlet of radiant superheater 10 and the lower 
header of that superheater is provided with a 
motor actuated condensate drain valve 
V:LL:336 provided with a double limit 
65 switch. The outlet of radiant superheater 10 



is connected to a spray attemperator 340 sup- 
plied with spray water through a pipe 341 
in which are connected a motor actuated flow 
control valve 342 and a water flow measuring 
device indicated by DP:A:343. The steam 70 
outlet from attemperator 340 is connected to 
the inlet ot secondary superheater 11, the in- 
let header of which is provided with a motor 
actuated condensate drain valve V:LL:345 
provided with a double limit switch. The 75 
oudet of secondary superheater 11 is connected 
by steam main 27 to the inlet of the hish pres- 
sure turbine stage 28, and adjacent the super- 
heater outlet a thermo-couple T:*A:356 pro- 
vides a measure of the steam temperature. 80 
Incorporated in the steam main 27 is a motor 
actuated main steam stop valve V: L: 357 hav- 
ing a limit switch, and" a motor actuated by- 
pass valve V:L:35S connected across the 
valve 357 and provided with a limit switch. 85 
The parts of the steam main 27 on opposite 
sides of the valve V : L : 357 are provided with 
motor actuated condensate drain valves 
V : LL : 360 and V : LL : 361 respectively each 
valve being provided with a double" limit 90 
switch. Between the valves and the turbine is 
arranged a steam flow measuring device 
DP: A: 362. 

The steam turbine high pressure stage 2S 
is provided with a thermo-couple T:A:365 95 
arranged to provide an indication of the tem- 
perature of the metal turbine casing adjacent 
the steam inlet. The steam main 30 connect- 
ing the outlet from ihe turbine stage 28 to 
the reheater stage 13 is provided with a motor 100 
actuated condensate drain valve V:LL:366 
haying a double limit switch. The highest 
point in the reheater is provided with a motor 
actuated air vent valve V:L:367 having a 
limit switch which shows when the valve is 105 
closed. At the outlet from the reheater is pro- 
vided a thermo-couple T:A:369 which pro- 
vides an indication of the temperature of the 
reheated steam. The steam mam 33 connecting 
the outlet from the reheater with the tur- 110 
bine low pressure stage 34 is provided with a 
motor actuated condensate drain valve 
V:L:371 having a limit switch which shows 
when the valve is closed. 

It will be understood by those skilled in 115 
the an that in a large steam generating and 
superheating unit such as that described 
herein the unit is considered as consisting of 
a left-hand side and a right-hand side^ as 
viewed in the direction in which the fuel 120 
burners discharge into the furnace chamber, 
and items such as fans, air heaters and steam 
mains from superheaters and rcheaters occur 
in duplicate, one item being associated with 
the left-hand side and the duplicate item bein* 125 
associated with the risrht-hand side. Where 
items are duplicated in this manner, the con- 
vention adopted above of referrins to items 
on the right-hand side with the suffix A and 
those on the left-hand ^ide with the suffix B 130 
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will be maintained. 

Considering now the air and gas flow 
through the unit, the forced draught fan 40B 
is driven bv an electric motor 381 to the driv- 

5 in* shaft of which is coupled a tacho-meter 
aenerator S;SP:3S2 and m the outlet duct 
4 IB from the fan is arranged a flow measuring 
device DP: A: 383. Beyond the device 
DP: A: 383 is a side branch 384 from the 

10 duct 41 B, for the supply of cold air under 
pressure to the pulverising mill 44. Beyond 
this branch is 'arranged^ a motor actua- 
ted air ilow control damper 3S5. The 
air heater 16B associated with this duct 

15 is driven by the electric motor 17B 
and the driving shaft of thfc motor is 
coupled to a tacho-meter generator 
S : SP : 3S6. The rotary air heater must be sup- 
plied with lubricating oil under pressure, and 

-° an oil pump 3S7 supplying oil to the air 
heater through a pipe 3S8 is driven by an 
electric motor 3S9 to the driving shaft of which 
is coupled a tacho-meter generator S : SP : 390. 
Motcr 3S9 is provided with a motor operated 

25 controller 3S9X. Air duct 42B leading from 
the air heater is provided with a damper 
D : LL: 391 known as a " boxing-up damper " 
and provided with a double limit switch which 
shows when the damper is fullv open and when 

30 it is fullv closed. Beyond damper D:LL:391 
a branch 392 leads from duct 42B to a mani- 
fold 393 connected to the air inlet of one 
of the four pulverising mills associated with the 
unit. These mills are^ severally associated with 

35 the four horizontal rows of fuel burners 6, and 
in the following description the mills will be 
designated respectively as mills I, II, III and 
IV to denote the number of the row which 
each supplies, counting down from the upper- 

40 most row of burners. 

Mill I, illustrated in Figure 3, has its wind- 
box 43 connected to me manifold 393, to 
which manifold are coupled the cold air branch 
3S4 and the hot air branch 392. In the hot air 

45 branch 392 is arranged a motor actuated 
damper 394. In cold air branch 384 is arran- 
ged a motor actuated damper 395. In the 
manifold 393 adjacent the windbox is arranged 
an air flow measuring device DP: A: 396. 

50 Across a part of the air flow passage through 
the mill, in which lies a bed of fuel undergoing 
pulverisation, the air pressure drop is measured 
by a device DP: A: 397. The mill is driven 
by an electric motor 398 to the output shaft 

55 of which is coupled a tacho-meter generator 
S:SP:399 and the speed of which is con- 
trolled by a motor actuated control unit 400. 
The mill" 44 requires a supply of sealing air 
under pressure before it can be permitted 

60 to commence grinding, and this is supplied by 
a fan 405 driven by an electric motor 406 
having a motor actuated controller 406X and 
to the" output shaft of which is coupled a tacho- 
meter generator S:SP:407. The fan is con- 

65 ncctcd "to the appropriate points on the mill 



through a duct 40$ provide dwith a motor 
actuated damper D : L : 409 having a limit 
switch which shows when the damper is closed. 
The mill feeder 47 is driven by a motor 412 
the output shaft of which is 'coupled to a 70 
tacho-meter generator S:SP:413. The speed 
of the motor 412 is controlled by a motor 
actuated controller 414. In the oudet duct 
48 from the mill is disposed a motor actuated 
gas flow damper D:LL:415 having a double 75 
limit switch which indicates when the damper 
is fully open and when it is fully closed. Also 
in this duct 48 is a temperature indicating de- 
vice T.A.416. 

Each of the thirty two pulverised fuel SO 
burners 6 has associated with it ignition means 
comprising an oil burner and an electrical 
ignition device for the oil burner, and further 
a flame sensitive device for indicating whether 
the oil burner is alight. As indicated in the 85 
inset A in Figure 3, for one of these oil burners 
oil is supplied through an oil line 420 to 
which are fitted a pressure indicating device 
P:L:421 having a limit switch which closes 
upon a predetermined pressure having been 90 
reached, and a temperature indicating device 
T:L:422 having a limit switch which closes 
upon a predetermined temperature having 
been reached by the oil. The oil burner 6 is 
movable by a motor actuated shaft from 95 
an advanced operative position to a retracted 
idle position, and means ME:L:423 indicate 
when the burner is fully advanced. The device 
which indicates whether the burner is alight 
is indicated by T : S : 424. For ease of refer- 100 
ence in the following description the general 
references T : S : 424A, T : S : 424B, 
T:S :424C, and T:S:424D are applied to 
the flame sensitive devices associated severally 
to the upper and the three other rows of 105 
burners. A motor operated valve 425 controls 
oil flow to the burner. Each pulverised fuel 
burner is provided with a secondary air regis- 
ter in theform of a number of curved vanes 
as indicated in Figure 12, and with an impeller 110 
which can be moved axially of the burner to- 
wards and away from the furnace chamber in 
accordance with the state and rate of firing by 
that burner. It has been found practical to 
utilise a single motor actuated operating shaft 115 
to operate, for each burner, both the air 
dampers and the axial repositioning of the im- 
peller. For case of reference, rhese actuating 
means, each of which is provided with a local 
dieitaliser, are denoted bv references 120 
ME:D:426A, ME:D:426B f ME:D:426C 
and x\lE : D : 426D which refer respectively to 
those associated with the first, second, third 
and fourth rows counting down from the top. 

Each of the furnace chambers 2A and 2B 125 
is provided with a flame responsive device 
mounted on its rear wall and adapted to indi- 
cate when combustion is lost completely in that 
furnace chamber. In Figure 3 is indicated 
such a device T:L:42SB associated with the 130 
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furnace chamber 2B, and a similar device 
T:L:428A associaced with the furnace cham- 
ber 2A will be referred to hereunder. Near to 
top of each furnace chamber is provided a 
5 iemperature sensitive probe, that associaced 
with furnace 2B being designated T:A:430B 
and that associated with furnace 2 A bein^ de- 
signated T:A:430A. Each probe is mounted 
on its own motor actuated shaft by which it 
10 • may be inserted into and withdrawn from the 
stream of hot furnace gases, and this shaft has 
associated with it a limit switch which indi- 
cates when the probe is fully inserted and 
when it is fully retracted. The probe actuating 
15 mechanisms associated respectively with fur- 
naces 2A and 2B are siven the designations 
ME:LL:432A and ME:LL:432B. A pres- 
sure sensitive device P : A : 434B is arranged to 
provide an indication of the gas pressure in 
20 furnace 2B, and a similar device PA:434A 
is associated with furnace 2A. 

The induced draught fan 49B is driven by 
an electric motor 43 6B having a motor actu- 
ated controller 436XB to the driving shaft of 
25 which is coupled a tacho-meter ^generator 
S: SP:437B. In the gjs duct 43SB leading to 
this fan are disposed a motor actuated damper 
43 9B and a motor actuated damper 
D : LL: 440B, called aSoxing-up damper, pro- 
30 vided with a double limit switch, which pro- 
vides an indication when the damper is fully 
open and when it is fully closed. 

The induced draught fan 49A is similarly 
provided with a tacho-meter generator 
35 S:SP:437A> a moror actuated damper 439A 
and a boxing-up damper D:LL:440A. 

The electronic computer 5S (see Figure 1) 
includes a memory store 500 having a number 
of locations in each of which is stored, or can 
40 be stored, .i binary number consisting of one 
sign digit and five number digits. It" also in- 
cludes a programme store 501 which is similar 
to die memory store but in which each loca- 
tion is adapted to store a binary number con- 
45 sisting of 23 digits. Associated with this pro- 
gramme store is an automatic print-out device 
503 which will, upen instruction by the actual 
computer section 502, print out the contents 
of some selected store in the computer. The 
50 actual computer lection 502 has six stores 
called accumulators of which five are num- 
bered orr from 1 to 5 and can contain any 
number posted to them while the sixth is 
called a null accumulator and always contains 
55 zero, and is used for comparison purposes. 
Associated with section 502 is a control 
panel 504 by means of which the programme 
set up in die programme store 501 may be 
started and stopped, and the contents of the 
60 various memory stores printed out and changed 
if desired. The' computer includes a clock and 
means for reading the time indicated by the 
clock. 

Each instruction in the programme store is 
65 thus in the form of 23 binary digits split up 



into groups as follows: — 

N — a seven digit binary number indicated 
a particular location in the memory store, or 
programme store, or in some cases merely a 
number; 70 

X — a three digit binary number indicative 
of one of the six accumulators; 

F — a six digit binaty number of which the 
first three digits indicate a first and the last 
three digits a second octal number, that is to 75 
say a number selected from the group 0 to 7. 
The two term octal number thus set out de- 
fines some definite operation which the 
computer section 502 is to carry out; 

M — a seven digit binary number, the com- 80 
putcr effecting addition of the binary number 
M to the contents of selected location indicated 
by N before the operation indicated by F is 
carried our. 

The computer during the control of the 85 
steam generating and superheating unit is re- 
quired repeatedly to check whether some par- 
ticular condition is fulfilled, if so to take one 
course of action, which may be merely to go 
on to the next step in the set programme, and 90 
if not to take another course of action. Thus 
the most commonly used functions F are of 
the following form : — 

(a) Jump to Nl if X equals 0; 

(b) Jump to N2 if X does not equal 0; 95 

(c) Jump to N3 if X is greater than 0; 

(d) Jump to N4 if X is less than 0. 

The functions (a) to (d) are alternatives but 
may be combined as (a) + (b), or (a), (c) and 
(d). , 100 

Associated with the computer, and suitably 
mounted adjacent to it or even in the same 
enclosure, is a control unit 510 into which arc 
brought input leads, indicated diagrammatic- 
ally at 511, bringing information to the com- 105 
puter from different parts of the boiler unit, 
and from which extend output leads, indicated 
diagrarnmatically at 512, leading to motors 
actuating control devices associated with dam- 
pers, valves and other parts of the unit. Thus 110 
control unit 510 includes a selector switch 
actuated by suitable instructions from the com- 
puter section 502 and adapted, at the com- 
mand of that section to feed any desired in- 
put 511 into the computer or activate any of 115 
the control devices through output leads 512. 

The control unit 510 receives input signals 
of varying forms from the various devices de- 
scribed in connection with Figures 4 to 19. 
Thus, the input signals will be variously of 120 
single bit binary digital form for sinele limit 
switches L, of two bit binary dieital form for 
the double limit switches LL, of proportional 
analogue form from the Ioc:il amplifiers and 
tacho-meter generators, and of binary digital 125 
form from the local disitalisers D. The con- 
trol unit is suitably adapted to digitalise those 
input signals not* already in binary digital 
form so that they may be 'handled by "the com- 
puter section. It will be appreciated that the 130 
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output signals to the various motoriscd con- 
trol units will be such ns to cause a control 
unit to drive in a forward or reverse direc- 
tion or to stop, and such signals will be sent to 

5 the control units at the instruction of the coded 
programme in the event of some condition 
governed by the control unit requiring regu- 
lation. It will be furrher understood that the 
condition being regulated will be monitored 

10 by the computer under the instruction of the 
coded programme and at such time as the 
condition reaches its desired value the output 
signal to the associated control unit will be 
shut off causing the control unit to stop. 

15 By way of example, at a stage in the starting 
up of the unit it may be necessary to check 
whether a certain valve is closed, if 'it is, to go 
on to the next stop in the programme, if k^is 
not, hrst to shut the valve and then to pro- 

20 ceed with the programme. 

The instructions in the programme store 
would be of the form: — 

Instruction 1. 
XI — the number of the limit switch asso- 
25 dated with the closed position of the valve; 

Fl — an instruction to select the input hav- 
ing the number XI. 

Instruction 2. 
^2 — a negative number equal numerically 
30 to the input number XI when the valve is 
closed; 

X2 — a selected accumulator; 
F2 — an instruction to store the indication 
of the selected iimit switch in the selected 
35 accumulator X2 after adding X2. 

Instruction 3. 
X3 — code number of programme instruction 
6 below; 

F3 — jump to programme instruction X3 if, 
40 contents of X2 equal zero. 

Instruction 4. 
N4— code number of instruction to cause 
activation of the motor which closes the said 
valve; 

45 F4 — an instruction to carrv out the instruc- 
tion X4. 

Instruction 5. 
X5 — code number of programme instruc- 
tion 1 above; 

50 F5 — jump to programme instruction X5 (i.e. 
1 above). 

Instruction 6. 
This is the next stage in the programme. 

It will be seen that the computer has checked 
55 -.vhcther the valve is closed; if the valve is 
closed then the next stage in the programme is 
adopted, instructions 4 and 5 being by-passed; 
if the valve is open action is taken to close the 
valve and the condition of the valve monitored 
60 until it is closed, whereupon the next stage in 



the programme is adopted. 

The computer is adapted to print out by 
means of the automatic print out device 503 
every instruction sent to activate control 
motors operating valves and dampers, to- 65 
gether with time of origin for all such instruc- 
tions. To this end, the coded programme in- 
cludes with each instruction to operate a con- 
trol motor an instruction to print out. Further- 
more, when any instruction ro a control motor 70 
is not followed by an appropriate change in 
the state of rhe limit switches or the like with- 
in a predetermined time, written into a coded 
programme instruction for the computer to 
monitor the said state, such failure to obey 75 
is printed out in red, by virtue of suitable 
instruction from the coded programme to the 
automatic print out device 5037 

The apparatus shown in Figure 3 and de- 
scribed above can be arranged for detailed SO 
control entirely by the digital computer, in 
which case the leads from the various limit 
switches, digitaiisers, amplifiers and motor 
actuators are all taken to the control unit 510. 
With such an , arrangement, the cost of the 85 
various electrical cables leading from remote 
pans of the boiler unit to the* computer be- 
comes high. Furthermore, it is not easy to 
ensure that, should any component in the com- 
puter fail, the whole boiler" unit will continue 90 
to operate in a safe manner. Alternatively the 
apparatus can be arranged for overall control 
by the digital computer while local controllers 
including analogue computer facilities perform 
some of the control operations. 95 

It will be understood that certain variables 
to be controlled will vary according to some 
function of a limited number of other vari- 
ables the values of which may he continuously 
metered and conveniently fed to a local ana- 100 
logue computer adapted to give an output 
signal in analogue form of that function. Such 
an output signal may be supplied, as is known 
in the an, to a local control unit adapted to 
compare the output signal with a desired or 105 
set value and to provide a control signal, suit- 
ably a three term signal comprising propor- 
tional, integral and derivative terms of the 
function, for supply to a control element adap- 
ted to regulate the variable to be controlled. 110 
In some cases where the regulation of the vari- 
able to be controlled is direcdy proportional 
to another variable rhe analogue computer 
may be dispensed with. 

Such local control units and analogue com- 115 
puters may conveniently be incorporated in 
the boiler control system described and a 
suitable arrangement is described below in 
connection with Figures 20 and 21. The de- 
sired or set values of each control unit arc 120 
suitably arranged to be controlled manually or 
by the digital computer and suitable manual- 
automatic switch means are provided. The 
controlled variable is monitored by the digital 
computer so that in the event of said con- 125 
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trolled variable being outside predetermined 
limits specified in the coded programme, then 
a warning may be given or shut down action 
taken according to rhe coded programme. 
5 Figure 20 illustrates the alternative arrange- 
ment by local controllers mentioned in the last 
paragraph. Instead of the outputs from certain 
of the sensing devices shown in Figure 3 going 
direct to the computer 58 they are taken either 
10 directly to local controllers or in selected 
groups first to local analogue computers of 
simple design and then the outputs from these 
computers taken to local controllers. It has 
been found convenient in a few cases to take 
15 rhe output from a sensing device not only to 
n local controller or analogue computer," but 
also directly to the digital computer, since the 
value of rhe variable concerned gives infor- 
mation as to the state of readiness of some 
20 pan of the equipment. 

Referring in detail to Figure 20, output 
P:A:434A (gas pressure in furnace 2A) is 
fed to a local controller LC: 1 which controls 
the motor actuated induced draught damper 
25 439A. Output P:A:434B (gas pressure in 
furnace 2B) is fed to a local controller LC:2 
which controls the motor actuated induced 
draught damper 439B. Output T:A:369B 
and output T: A: 369 A (temperatures of 
30 steam from left-hand and right-hand sides re- 
spectively of reheater stage 12) are fed to an 
analogue computer AC: 1 which determines 
the mean value and feeds an appropriate sig- 
nal to a local controller LC:3 which controls 
35 the motor actuated reheater bv-pass damoer 
54. Outputs DP:A:3S3A and" DP : A: 333 B 
(rates of air flow to right-hand and left-hand 
sides respectively) and output DP : A : 362 (rate 
of steam flow) are fed to an analogue com- 
W purer AC: 2 which provides a measure of 
ratio steam flow: air flow as an output R: 1. 
Outputs R: 1, DP: A: 343 (water flow to at- 
temperator), T:A:356A and T:A:356B 
^ (temperatures of steam from right-hand and 
° left-hand sides respectively of superheater 11), 
are fed to an analogue computer AC: 3 which 
feeds an appropriate signal to a local controller 
LC : 4 which controls the motor actuated valve 
342 controlling the supply of water to the 
D ° attemperator 340. Outputs DP:A:3S3B (rate 
of air flow to left-hand side of unit\ 
DP : A : 362 (rate of steam flow) and P : A : 326 
(steam pressure in drum}, are fed to an ana- 
logue computer AC: 4 which feeds an appro-- 
5d priate signal to a local controller LC: 5 which 
controls the motor actuated forced draught 
damper 3S5B for the left hand side of the 
unit. Outputs DP:A:3S3A (rate of air 
flow to right-hand side of unit), DP: A: 362 
60 (rate of steam now) and P:A:326 
(Steam pressure in drum), are fed to 
an analogue computer ACS which 
feeds an appropriate signal to a local controller 
LC:6 which controls the motor actuated 
65 forced draught damper 3S5A for the risrht- 



hand side of the unit. Outputs DP: A: 362 
(rate of steam flow), DP : A : 305 (rate of feed 
water flow), and DP: A: 325 (water level in 
drum), arc fed to an analogue computer AC : 6 
which is suitably adapted to compute a func- 70 
tion of the form K^n^Ks (s — f) where K, 
+ K 2 are adjustable constants; h = drum 
level; s = steam flow; f = feed flow; and 
feed an appropriate signal to a local controller 
LC: 7 which controls the motor actuated feed 75 
water control valves 307 and 308. Output 
P:A:326 (steam pressure in drum) is fed 
directly to a local controller LC:8 which con- 
trols the motor actuated damper D:LL:415 
disposed in the duct 4S leading from the mill SO 
44, and thus controls the rate of supply of 
pulverised coal from this mill to rhe furnace 
chambers. Output T:A:416 (gas temperature 
at outlet from mill 44) is fed directly to a 
local controller LC: 9 which controls the motor 85 
actuated damper 395 disposed in the duct or 
branch 3S4 which leads cold air to the mill 
manifold 393. Outputs DP: A: 396 (rate of 
air flow to the mill) and DP : A: 397 (pressure 
drop across a part of the mill including a bed 90 
of fuel undergoing pulverisation) are fed to an 
analogue computer AC: 7 which feeds an ap- 
propriate signal to a local controller LC: io 
which controls the motor actuated controller 
414 of the motor 412 driving the mill feeder 95 
47. 

The analogue computers AC: 1 and AC: 7 
mentioned above can be of any suitable known 
type, for example, of a type adapted to com- 
pute an output or outputs from variable in- 100 
puts according ro a computer equation of the 
general form 

(ax T by) cz + s -r (pu ± ay) rw = O 
where x, y and z are variable inputs, u, v and 
w are variable outputs and a, b, c, p, q, r ana 105 
s are adjustable constants. The analogue com- 
puters are respectively adapted to compute 
suitable functions of the signals fed to them 
dependent upon the observed, or predicted 
operational characteristics of rhe roller unit. 110 
The local controllers LC: 1 to LC: 10 follow 
the general known design for such controllers 
but need to incorporate an additional faciliry 
whereby they are adapted for supervision and 
control by the digital computer. ^5 

Referring to Figure 21 the local controller 
LC:8 controlling the rate of supplv of fuel 
to the unit from mill L is shown in diagram- 
matic form: its input and output and its in- 
ternal mechanisms may be electrical, pneu- 120 
made or hydraulic in 'character, but Figure 
21 indicates the manner in which the different 
pans are combined. In the controller casing 
520 is arranged a measured value section 521 
fed with the input signal through a lead 522 1?5 
and having a meter 523 upon which the value 
of rhe variable measured, in this case steam 
pressure, is indicated. A lead 524 transmits 
rhe input signal to the control unit 510 of the 
computer, so that rhe computer has available 130 
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to it at ail times a measure of rhe steam pres- 
sure. Also in the casing 520 is a set value 
section 525 by which a desired or set value 
for the variable involved may be selected. 

5 Variations of the set value are effected by a 
reversible motor 526 connected by a lead 527 
to the computer control unit 5 10, the set value 
being indicated by a meter 52S and a lead 
529 transmitting a signai to the control unit 

10 510 indicative of the set value, so that at all 
times the digital computer has available to it 
the set value and the ability to vary that value 
as it sees fit. Both the measured value and the 
set value are transmitted to an error section 

15 530 of the controller by leads 531 and 532 re- 
spectively. The error section transmits con- 
tinuously through a lead 533 a signal repre- 
sentative of the error to a control section 534. 
The actual form of section 534 will van* from 

20 local controller to local controller, but in 
general it will accept an input error signal and 
provide an output control signal which includes 
proportional and/or integral and/or differen- 
tial terms derived from the error signal. This 

25 output control signal is fed to a manual/ 
automatic selector section 535 through a iead 
536. A manual control section 537 having a 
hand operated control knob 53 S provides a 
variable control signal of the same form (e.g. 

30 electrical current) as that in lead 536, and 
this control signal is fed to section 535 through 
a lead 539. The manual/automatic selector 
section 535 is controlled by a reversible motor 
540 connected by a lead 541 to the control 

35 unit 510 of die digital computer. The selected 
signal, chosen from that in lead 536 and that 
in lead 539., is passed on by section 535 
through a lead 542 to an output section 543 
which controls the activation of a motor unit 

40 544 of the motor actuated damper 
D:LL:415. The output section 543 includes 
a meter 545 which indicates the value of the 
output signal fed to motor unit 544., and so 
facilitates manual control by the knob 538. 

45 A switch device SW: L: 546 provides the con- 
trol unit 510 with an indication of the setting 
of the manual/automatic selector section 535. 

It will be appreciated that the local con- 
trollers LC: S, LC:9 and LC:10 and ana- 

50 logue computer AC : 7 are repeated for each of 
rhe four mills provided. 

It will be appreciated that should some 
fault develop in the digital computer occasion- 
ing the computer to relinquish control of the 

55 boiler unit rhe local controllers will control 
the boiler according to the set points existing 
at the local controllers at that time and will 
tend to maintain stable conditions in the boiler. 
By virtue of manual control of the set points 

60 the condition of the boiler can be varied in 
known manner so that satisfactory operation 
of the boiler may be maintained until tie digi- 
tal computer is able to resume control. 
The computer is suitably adapted auto- 

65 matically to relinquish control should any fault 



arise therein and to this end the coded pro- 
gramme is arranged to feed a problem into the 
computer section at regular intervals and com- 
pare the computed solution with a correct 
solution on the programme. In the event of the 70 
comparison showing a discrepancy rhe com- 
puter is prevented * from exerting any further 
control action by virtue of reiay means con- 
trolling the computer output and adapted to 
allow transmission of outputs from the com- 75 
purer only when there is no discrcpency. 

The operation of the various parts of the 
steam generating, superheating and reheating 
unit, and of ihc control equipment associated 
therewith and described above, will become 80 
clear from the following account of the start- 
ing up of the unit from a cold state. 

The starting up of the unit is under the 
general control of the digital computer in 
accordance with a programme stored in its 85 
programme store 501 and Figures 22A to 221 
set out in the form of a flow diagram the steps 
in the programme. The programme is initiated 
by the pushing of a start button on control 
panel 504, and the computer then reads and 90 
acts upon the first instruction in the pro- 
gramme store. Each instruction is complete in 
the sense that the next instruction is not initia- 
ted until that first instruction is deal with. 
The flow diagrams set out the sequence of 95 
events at the actual computer section, certain 
steps of the programme being omitted, or re- 
peated, or delayed, in accordance with facts 
ascertained by the computer section. Thus the 
hrst item in the programme is a check of the 10O 
fuel oil pressure. If that pressure is correct, 
the next step in the programme will be taken, 
but if not a sub-routine is adopted which in- 
volves first printing out that rhe pressure is 
too low, and then proceeding to the second 105 
step in the programme. 

For the most part the flow diagrams are 
full and self explanatory. Certain points are 
amplified below. The references to L/H and 
R/H arc rescectively to the components asso- no 
ciated with rhe left-hand and right-hand sides 
of the unit. In many cases a complete sub- 
routine is indicated by the words tl Print out. 
Open valve. Check open", or the like, and 
the development of such a sub-routine will 115 
be clear to those skilled in the art. Often the 
flow lines indicated that sucn a sub-routine 
is followed by rhe resumption of the main 
programme, and of course in some cases the 
valve or damper concerned may not adopt the 120 
required position. This is quite in order when 
the resulting conditions in the unit are not 
dangerous, but in certain cases where danger 
would arise the sub-routine includes the in- 
struction " stop programme 51 followed by a 125 
note ** programme manually restarted '\ This 
indicates that the operator of the digital com- 
puter must take the initiative in continuing 
the programme, and in practice he will take 
steps to remove the obstruction to the pro- 130 
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gramme before he manually restarts the pro- 
gramme. At other points in the programme, 
such as for example the ignition of the oil 
burners, one may have to repeat the ignition 
5 procedure two or three timesf To stop such a 
step being repeated interminably, one can 
either rely upon the operator to take the cor- 
rective action, or introduce a counter circuit 
which counts the number of times which the 
10 step is repeated, and upon a preselected num- 
ber being reached, either passing on to the 
next step in the programme or stopping the 
programme as considered expedient when the 
programme is first laid down. It is, of course, 
15 important that each oil fuel burner is ignited 
before the a?sociatcd pulverised fuel burner 
commences discharging pulverised coal. 

The programme sets out to take the steam 
generating unit from the cold state to the state 
20 in which it accepts its full rated load. In cent- 
ral station practice, the turbine is linked to an 
alternator which is coupled to the national 
electrical grid system, and in such a case it is 
sufficient to decide a block load which the 
25 alternator, and thus the steam generating unit, 
is to carry. However, in the control system de- 
scribed above the steam generating unit is con- 
trolled to maintain a set steam pressure. The 
modifications necessary to carrv a block load, 
30 in which steam flows rather than steam pres- 
sure is the main control, will be clear to those 
skilled in the art. 

No close down procedure has been described 
in detail, but it may be developed by follow- 
35 jng the procedures normally adopted in clos- 
ing down such units and making use of the 
various sensitive devices and control devices 
described above. 

In a practical installation, the programme 
40 store will therefore include a plurality of coded 
programmes, one for starting up the unit from 
a cold condition and including modifying 
stages for starting up the unit when it is' al- 
ready in a hot condition, one for a normal shut 
45 down of the unit when the associated alter- 
nator is first taken off load and the turbine 
closed down, and a further programme for an 
emergency shut down of the unit upon dan- 
gerous conditions arising in the unit, the tur- 
50 bine or the alternator. ^The starting up pro- 
grammes will normally merge into a normal 
running programme. 

In order to preclude closing down of the 
unit upon the occurrence of conditions which, 
55 although undesirable, are not sufneiendy dan- 
gerous to necessitate rhe closing down "of the 
unit, the memory store can include permit 
signals. The computer is then arranged in re- 
sponse to suitable instruction in the coded 
60 programme, if unusual conditions arise, to in- 
spect the permits stored in teh memory store 
and see whether the conditions arising corres- 
pond to one of the stored permits: if so, then 
the computer is instructed to print out the un- 
65 usual conditions without closing down the unit, 



and at the same time to give audible warning 
to the operator that some action is required bv 
him. 

For example, the computer may monitor a 
temperature and find that it is above a de- 70 
sired value, it will then be instructed by means 
of a suitable instruction in the coded pro- 
gramme to inspect the relevant memory store 
and see if rhc monitored temperature is less 
than a maximum permitted value below which 75 
the vapour generator can continue to operate 
safely. If the monitored temperature is less 
than the permitted value then the computer is 
arranged to instruct the print out device to 
print out the monitored temperature and also 80 
to operate an audible or* visual warnin? 
system to attract the attention of the operator 
to the unusual condition. 
u Whenever the computer prints out any item, 
it will automatically read the clock and print 85 
out the time, so that a permanent record is 
made of when untoward circumstances arise. 

It will be seen that during starting up of 
the unit rhe furnace gas exit temperature 
measuring probes T : A : 430A and 90 
T:A:430B provide information that enables 
the firing rate to be limited so that the super- 
heater tubes are not overheated. Furthermore, 
by comparison of the metal temperatures at 
different parts of the separator drums, 95 
T:A:328 and T:A:329 and similar points 
not indicated spaced along the length of the 
drum, the firing rate during starting^ up can be 
limited to prevent too great a temperature 
differential being developed between different 100 
parts of the drum wail. Strain srauses can be 
utilised instead of temperature measuring de- 
vices to indicate excessive local stresses. 

The digital computer 58 can perform a 
large number of checks and calculations during 105 
the operation of the steam generating and 
superheating unit, and can control the unit and 
auxiliary equipment to give high operating 
efficiencies for the unit and the turbine. 

One way in which the efficiency of the unit 1 10 
may be improved and maintained is to ar- 
range the digital computer to initiate operation 
of apparatus for effecting cleaning of the ex- 
ternal heat exchange surfaces of the unit. In an 
orthodox steam generating and superheating 115 
unit, fluid heater cleaners are arranged to dis- 
charge cleaning fluid over these external sur- 
faces as and when necessarv, and normallv 
some predetermined frequencv of cleaning is 
adopted, for example at the besinnins or end 120 
of each eight-hour operating shift. This selec- 
ted frequency is based upon past experience, 
but inevitably the cleaners will sometimes be 
operated when there is no real need and at 
other times will not be operated until some 125 
time after cleaning could with advantage be 
earned out. When rhe digital computer" is to 
control the initiation of such cleaning variable- 
responsive means arranged to be influenced bv 
a variable or variables the value or values of 130 
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which depends upon the state of the external 
surfaces to be cleaned are adapted, when the 
value of a variable is such as to indicate the 
need for cleaning, to effect operation of the 

5 cleaning apparatus. Suitably, the cleaning ap- 
paratus is of a known form of automatically 
controlled apparatus adapted on initiation of 
operation by operation of a start device to 
carry out a full cleaning operation before 

10 switching itself off. The state of cleanliness of 
the vapour generating tubes which line the 
walls of the "furnace chambers is obtainable, 
comparison of the load on the unit, utilising 
ihc measures of the rate of steam flow given 

15 by DP: A: 362, and the furnace gas exit tem- 
perature, given by T : A : 430A and 
T:A:430B. The computer can be program- 
med to compare these items, say every hour, 
and when their ratio falls below a prcdeter- 

20 mined value recorded on the coded programme 
or in an accumulator of the digital computer to 
effect operation of the start device and initiate 
cleaning cf the external surfaces of the furnace 
wall tubes. In a similar manner the state of the 

25 external surfaces of the economiser can be 
deduced from a comparison of the pressure 
drop of the flue gases across the economiser 
and a measure of the rate of gas flow. To 
determine whether the superheater tubes re- 

30 quire external cleaning, the computer can 
compare draught loss across the convection 
superheater with ihe rate of steam or gas flow, 
and in the case of the radiant superheater a 
measme of the increase in the temperature of 

35 steam between inlet and outlet headers with a 
measure of the rate of steam flow. It will be 
appreciated that the cleaning apparatus asso- 
ciated with the vapour generating tubes, the 
economiser surfaces and the superheater tubes 

40 suitably have individual automatic control sys- 
tems with respective start devices adapted to 
lespond to respective signals from the digital 
computer to initiate cleaning of the respec- 
tive pans of the boiler unit according to their 

45 respective states of cleanliness. 

Variations of die programme set out above 
for starting up from cold will be needed or 
will be desirable when the steam generating 
and superheating unit has a form different 

50 from that shown^in Figures 1 and 2. Thus, for 
example, when there is but one furnace cham- 
ber but there are still left-handed and right- 
handed induced and forced draught fans, 
should one of the fans fail to start or cease to 

55 operate the computer can be arranged to dis- 
tinguish the operative burners from the in- 
operative burners, if any, and to effect a re- 
duction in the number of operative burners to 
a value suited to the number of fans in oper- 

60 ation. This would suitably be followed by 
action by the computer to distinguish oper- 
ative mills from inoperative mills and the 
reduction of the number cf operative mills to 
a value suited to the number of fans in 

65 operation. 



The digital computer 5S can be arranged by 
the provision of suitable instructions in the 
coded programme to control the starting up 
of the steam turbine. This requires first a 
check as to the temperatures of the various 70 
parts of the turbine casing, to ascertain by 
comparison of temperatures with permits 
stored in the computer whether a rapid or 
slow rate of heating up is desirable, and by 
virtue of suitable instructions in the coded 75 
programme to open the steam controlling 
valves at a controlled rate to give the desired 
rate of heating. Repeated checks are suitably 
made upon temperatures at different pans of 
the casing in order that large temperature dif- 80 
ferentials may be avoided by varying the rate 
of heating up the turbine. When the turbine 
is running at or at about its rated speed, its 
local automatic controller or governor is suit- 
ably arranged to take over control of the 85 
steam supply. During starting up and normal 
running the digital computer suitably monit- 
ors lubricating oil pressure, control system oil 
pressures, bearing temperatures, and turbine 
shaft eccentricity, so that should an unusual 90 
condition occur the computer can instigate the 
necessary action according to a suitable instru- 
tion in the coded programme. 

It wiil be seen tharTin the above description 
the control system for the vapour generating 95 
and superheating unit includes storing means, 
che programme store, adapted to contain a 
coded programme and to put the programme 
into effect by the issuance in succession of sig- 
nals each expressed as a particular sequence of 100 
states, each state being a binary state, that is 
to say a state selected irorn two possible states. 

The strong means will usually form part of 
a binary digital computer, but may form part 
of a digital computer having a decimal sys- 105 
rem input and/or output. 

WHAT WE CLAIM IS: — 

1. A control system adapted to start up or 
shut down a vapour generator, wherein the 
system includes storing means adapted to con- no 
tain a coded programme and automatically 

to put the programme into effect by the issu- 
ance in succession of signals each expressed as 
a particular sequence of states, each state being 
a binary- state, that is to say a state selected 115 
from two possible states. 

2. A control system as claimed in Claim 1, 
wherein the storing means contains a plurality 
of coded programmes, one for starting up the 
vapour generator from a cold state, ~at least 120 
one for starting it up from a hot state, one 

for a normal shut down and one for an emer- 
gency shut down. 

3. A control system as claimed in Claim 2, 
wherein the storing means also contains a pro- 125 
gramme appertaining to normal running oper- 
ation of the vapour generator. 

4. A control system as claimed in Claim 2, 
wherein provision made for effecting pro- 
gramme modification by permit means arran- 130 
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ged to store permit signals and adapted by the 
issuance of signals ro permit a programme to 
proceed notwithstanding that states or condi- 
tions cf respective elements of or associated 
5 with the vapour generator are unsatisfactory 
or the elements are withdrawn from operation. 

5. A control system as claimed in any pre- 
ceding Claim, wherein a programme includes 
testing signals and sensing means are arranged 

10 to effect signals indicative of states or condi- 
tions of the vapour generator or of elements 
of or associated Therewith and comparison 
means are adapted to compare the testing sig- 
nals and the comparison signals and in the 

15 event of the state or conditions being unsatis- 
factory to effect stopping of the programme or 
to effect recurvation of the state or condition 
by a regulating action or by a departure from 
the normal sequence of the programme as may 

20 be appropriate. 

6. A control system as claimed in any pre- 
ceding Claim, wherein provision is macie for 
checking the state of elements such as gauges 
or drains. 

25 7. A control system as claimed in any pre- 
ceding Claim, w r herein means are adapted 
when a transmitted programme order is not 
obeyed to give an indication of the particular 
failure and stop the programme if conunu- 

30 ance of the programme might lead to a dan- 
gerous condition, but if the programme may 
safely be continued merely to give an indi- 
. cation of the failure. 

S. A control system as claimed in any pre- 

35 ceding Claim, wherein automatic printing 
means are arranged to show in print at least 
those matters in relation to elements of or 
associated with the vapour generator which 
are found during the carrying out of a pro- 

40 gramme to require consideration or attention. 
°. A control system as claimed in Claim 7 
or Claim S, wherein the system is arranged to 
control automatic printing means adapted 
to print out the orders transmitted in accord- 

45 ance \yith a programme, the time when an 
order is given or obeyed and in a distinctive 
manner zny failure to obey an order. 

10. A control system as claimed in any pre- 
ceding Claim, wherein a starting up pro- 

50 gramme provides for the lighting of burners 
or groups of burners in sequence and upon 
failure o: cne burner or group of burners in 
the sequence to light up a control is exerted 
to iigh; the next burner or group of burners 

55 if any in the sequence. 

11. A control system as claimed in Claim 
10, wherein the starting up programme pro- 
vides for the lighting of lighting-up burners in 
sequer.ee and die subsequent lighting of ptil- 

60 verisea fuel burners or groups of pulverised 
fuel burners in sequence and selection of a 
pulverised fuel burner or group of pulverised 
fuel burners for lightin^-up is made only if 
the corresponding lighting up burner is in 

65 operation. 



12. A control system as claimed in any pre- 
ceding Claim, wherein during starting up or 
shutting down means responsive to separator 
drum metal temperature at different locations 

on the drum walls are adapted to control 70 
liring rate in order suitably to limit tempera- 
ture differences in and consequent stressing of 
the drum wall metal. 

13. A control system as claimed in any pre- 
ceding Claim, wherein the system is" also 75 
arranged to control starting up of a turbine 
connected to receive vapour from the genera- 
tor. 

14. A control system as claimed in any pre- 
ceding Claim, wherein means responsive to a 80 
particuar operating condition are adapted 
upon the occurrence of such condition auto- 
matically to initiate a shutting down pro- 
gramme. 

15. A control system as claimed in any pre- 85 
ceding Claim, applied to a vapour generator 
having a plurality of fans for the supply of 
combustion air and a plurality of burners for 
discharging fuel to a furnace of the vapour 
generator, wherein burner control means are 90 
adapted, upon failure of a fan, to distinguish 

the operative burners from the inoperative 
burner or burners if any and to effect a re- 
duction in the number of operative burners to 
a value suited to the number of fans in opera- 95 
tion. 

16. A control system as claimed in Claim 
15, wherein a number of fuel pulverising 
mills are arranged to supply respective bur- 
ners or groups of burners and the burner inn 
control means are adapted to distinguish the 
operative mills from the inoperative mill or 
mills if any and to effect reduction in rhe num- 
ber of operative mills to a value suited to die 
number of fans in operation. iq5 

17. A control system as claimed in any pre- 
ceding Claim, wherein a control device in 
response to a signal representative of the 
value of a variable and in accordance with a 
desired set value is adapted to effect regu- no 
lation of the variable., and the control device 

is provided with set point varying means by 
which the set point can be varied by the con- 
trol system in accordance with the coded pro- 
gramme being followed. 115 

IS. A control system as claimed in Claim 
17, wherein the control device is adapted to 
exert a proportional and/or integral and /or 
differential control upon the variable de- 
rived from the error between the value of 120 
the variable and the ret value. 

19. A control system as chimed in Claim 
17, or Ciaim IS, wherein a computing section 
of the control system directly associated with 

the storing means is linked to the control de- 125 
vice by means providing the computing sec- 
tion with information as to the value of the 
variable and the set value of the control de- 
vice. 

20. A control system as claimed in Claim 130 
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17, Claim IS or Claim 19^ wherein a signal 
representative of the value of a second vari- 
able and a signal representative of the value 
of a third variable are fed to an analogue com- 

5 puter and a signal suitably compounded from 
the two sicnals if fed to the control device as 
the first variable. 

21. A control system., as ciaimed in any 
preceding claim adapted to control external 

10 surface cleaning apparatus, including variable- 
responsive means arranged to be influenced by 
a variable the value of which depends upon the 
state of the external surfaces to be cleaned 
the control system being programmed by 

15 means of the coded programme in the storing 



means to compare the variable value with a 
predetermined value and in the event of the 
comparison being such as to indicate die need 
for cleaning to effect operation of the clean- 
ing apparatus. 

22. A control system as ciaimed in claim 1 
and including analftgue computer and local 
controller facilities airanged substantially as 
shown in, and adapted to operate substan- 
tially as hereinbefore described with reference 
to, Figures 20 and 21 of the accompanying 
drawings. 

For the Applicants, 
A. C PRICE, 
Chartered Patent Agent. 



PROVISIONAL SPECIFICATION 
No. 26069 A.D. 195$ 

Improvements in Automatic Control Systems for Vapour 

Generating Plant 



We, Bascock & Wilcox Limithd, a British 
Company, of Babcock House, 209/225, Huston 

50 Road, London, N.W.I, do hereby declare this 
invention to be described in the following 
statement: — 

This invention relates to control systems. In 
the use of a modern high-capacity vapour 

35 generator for supplying steam at high pressure 
. to a turbine in a power station the starting 
up of the vapour generator and turbine in a 
manner ensuring safety of the plant is a com- 
plicated process calling for skilled and ex- 

40 perienced operators able to act quickly and 
with judgement upon the occurrence of ab- 
normal conditions. The shutting down of the 
vapour generator likewise requires skill and 
experience and particularly under emergency 

45 conditions may demand immediate and cor- 
rect action. If, during starting up or shutting 
down an operator fails ta take correct action 
sufficiently quickly, or at a H, or exerts a wrong 
control, the possibility arises that the plant 

50 may be rendered unavailable for a long period 
o: time and the resultant damage may be very 
costly to repair. 

The modem high-capacity vapour generator 
utilises as nring means a considerable number 

55 of burners winch may, for example, be oil 
burners or pulverised fuel burners of which 
cinercne burners or groups of bur.iers are sup- 
plied with pulverised fuel from respective 
mills and cemmonly the combustion air is 

60 supplied hy a plurality of forced-draught fans 
and a plurality of induced-draught fans. In 
the event of failure of a fan, operation of the 
vapour generator may be continued at reduced 
load, bur, inasmuch ay the reduced combus- 

65 tion air supply may result in flame instabih'ty 
if all burner;; are retained in operation, the 
necessity arises of shutting down a burner or 
burners. This would he a simple requirement 
were it not for the fact that a burner or burners 

70 may be out of operation and must not be 



selected for shutting down. Consider, for ex- 
ample, the case of a pulverised fuel-fired 
generator having a number of pulverising mills 
of which at least one is a reserve inili/ whilst 
the burner shutting down is to be effected by 75 
terminating operation of a mill or mills. 
Clearly a mill or mills other than a reserve or 
inoperative mill must be chosen for shutting 
down. Whilst in theory this dirhculty may be 
overcome by the use of suitable interlocks, as 80 
the number of mills is increased the compli- 
cation becomes so great that interlocking is 
hardly a practical solution. 

During operation of a vapour generator 
fired with a fuel containing solid incombust- 85 
ible matter, the necessity arises of cleaning 
exterior heat exchange surfaces from time to 
time. The cleaning may be accomplished by a 
system of blowers or shot cleaning may be used 
in an upright pass containing convection heat 90 
exchange surfaces. Whilst in general the blow- 
ers are power operated and 'subject to auto- 
matic control to efi'ect the actuation in proper 
sequence, the initiation of the cleaning opera- 
tion calls for the attention and judgement of 95 
an operator. If on the one hand the operator 
effects cleaning of the surface too infrequently 
the boiler cmciencv suffers through a reduc- 
tion in the effectiveness of the heat transfer 
surfaces. If on the other hand cleaning of the 100 
surfaces is carried out too often, energy is use- 
lessly dissipated in the cleaning medium and 
there is unnecessary ;vear on the cleaning 
apparatus. 

The present invention includes a control 105 
system adapted to start up or shut down a 
vapour generator, wherein the system includes 
storing means arranged to contain a coded pro- 
gramme and adapted to carry out the pro- 
gramme by transmitting in succession signals 110 
each expressed as a particular sequence of two 
different states. 

Suitably, besides the storing means die con- 
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trol system includes means for giving electric 
pulses at constant frequency and circuits of 
suitable known form such as " or M circuits, 
" and " circuits, " not " circuits and delay cir- 

5 cuits. Scoring means of any suitable form or 
forms may be used, for example, storing means 
of the magnetic drum or magnetic tape type 
or of the staticisor type. 

If desired, a programme may comprise a 

10 basic programme and an auxiliary programme 
or auxiliary programmes which may be chosen 
or applied according to circumstances. 

Advantageously, the storing means contains 
a plurality of coded programmes, one for 

15 starting up from cold, at least one for 
starting up from a hot condition, one for a 
normaf shut down and one for an emergency 
shut down. 

The storing means may also contain a pro- 
20 gramme appertaining to normal running oper- 
ation of the power plant. 

Suitably, provision is made for effecting 
programme modification by permit means ar- 
ranged to store permit signals and adapted by 
25 transmitting signals to permit a programme to 
proceed notwithstanding that states or condi- 
tions of respective elements of or associated 
with the vapour generator are unsatisfactory 
or the elements are withdrawn from opera- 
30 tion. 

Suitably, a programme includes testing sig- 
nals and sensing means are arranged to effect 
signals indicative of states or conditions of the 
vapour generator or of elements of or asso- 

55 ciated therewith and comparison means are 
adapted to compare the testing signals and the 
comparison signals and in the event of the state 
or condition being unsatisfactory to effect stop- 
ping of the programme or rectification of the 

40 state or condition by a regulating action or by 
modification of the programme as may be 
appropriate. The sensing means may be of 
divers forms, but, by way of example, an 
electric contact may be closed only when a 

45 particular member is properly positioned. If 
then, in accordance widi the programme two 
impulses are transmitted simultaneously one 
directly and the other indirectly through the 
said contact to an " and " circuit, the said cir- 

50 cuit will distinguish whether the member is 
correctly or incorrectly positioned and will 
accordingly exert an appropriate control. 

Provision is made for checking the state of 
elements such as gauges, drains^ or fuel con- 

55 tainers. Thus, the position of boiler drain 
valves, or blow-down valves, or access doors 
may be effected by sensing contacts associated 
with the valves or doors. Alternatively, a check 
that the access doors are closed may be erfec- 

60 ted by pressurising the furnace chamber and 
gas passes by means of the forced-draught or 
primary air fans, a pressure responsive relay 
being arranged to close sensing contact only if 
the pressure rises to a predetermined value. 

65 Superheater draining valves may be auto- 



matically actuated and controlled by measur- 
ing with thermocouples the temperatures of 
the superheater tubes to determine when the 
tubes are free of condensate. The water level 
gauges may be checked through a comparison 70 
of the levels indicated by several gauges. 
A correct operation of the drains associated 
with a level gauge may be checked by auto- 
matically opening and shutting the steam and 
water connections and sensing the temperatures 75 
at the outlets from the drains as registered by 
thermo-couples connected thereto. Fuel con- 
tainers may be checked as regard their con- 
tents, by means of level indicators of suitable 
form. Such checking of the level of fuel in SO 
coal bunkers and bins, or oil in tanks, will be 
automatically carried out before initiation of a 
firing sequence. 

Advantageously, means are adapted when a 
transmitted programme order is not obeyed to 85 
give an indication of the particular failure 
and stop the programme if continuance of the 
programme might lead to a dangerous condi- 
tion, but if the programme may safely be con- 
tinued merely to give an indication of the 90 
failure. 

Suitably, automatic printing means are 
arranged to show in print at least those mat- 
ters in relation to elements of or associated 
with the vapour generator which are found 95 
during the carrying out of a programme to 
require consideration or attention. For ex- 
ampkj a discrepency in the level indicated by 
one of the level gauges as compared with the 
level shown by ether gauges, or the incorrect 100 
positioning of a drain or blow-down valve or 
access door would be shown in print. 

Advantageously, the system is arranged to 
control automatic printing means adapted to 
print out the orders transmitted in accord- 105 
ance with a programme, the time when an 
order is given or obeyed and in a distinctive 
manner, as by offset printing, any failure to 
obey an order. 

In one form of control system in accordance 1 10 
with the invention a starting up programme 
provides for the lighting of burners or groups 
of burners in sequence and upon failure of 
one burner or group of burners in the sequence 
to light up a control is exerted to light the 115 
next burner or group of burners if any in the 
sequence. 

Thus, in one application, the starting up 
programme provides for the lighting of light- 
ing up burners in sequence and the subsequent 120 
lighting of pulverised fuel burners or groups 
of pulverised fuel burners in sequence and 
selection of a pulverised fuel burner or group 
of pulverised fuel burners for lighting tip is 
made only if the corresponding' lighting up 125 
burner is in operation. 

Continuous ilame monitoring of the lighting 
up and of the pulverised fuel burners ensures 
safe operation by discontinuing the fuel sup- 
plies and purging the furnace in the event of 130 
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complete flame failure. 

During starting up or shutting down, tem- 
perature responsive means are adapted to con- 
trol firing rare in order suitably to Limit gas 
5 temperature in the neighbourhood of super- 
heater tubes. In this way the gas temperature 
leaving the furnace or entering the superheater 
is limited to a value suitable for the design 
meral temperature of the superheater tubes. 

10 Furthermore, in a natural circulation boiler, 
during starting up or shutting down, means 
responsive to metal temperature at different 
locations on the separator drum walls are 
adapted to control firing rate in order suitably 

15 to limit temperature differences in and con- 
sequent stressing of the drum metal The posi- 
tions at which thermo-couples are positioned 
at locations along and around the drum are 
chosen in order that avoidance of excessive 

20 stressing of the drum material may be ensured. 
If, inadvencntly, temperature difference in the 
material of the drum tends to increase beyond 
a safe limit r. control is exerted whereby the 
drum is automatically flooded from the feed- 

25 water source. 

The system is also arranged to control 
starting up of a turbine connected to receive 
vapour from the generator. Thus, provision is 
made for effecting heating up and draining 

30 of the piping leading from the vapour genera- 
tor to the turbine and for checking that the 
piping has been heated and drained. Pro- 
vision is also made for effecting heating up 
cf, and generally safeguarding^ the turbine 

35 during the starting up period, and for placing 
the turbine in operation when the preparation 
of the turbine and the preparation of the 
vapour generator are complete. Suitably, 
provision is also made whereby, the turbine 

40 having been started up, an alternator driven 
by the turbine is synchronized and connected 
to an electrical supply system. 

In the case of a once-through boiler, the 
turbine speed will be suitably limited and re- 

45 gulatcd by control of a valve" in the steam line 
leading to the turbine and the dumping valve 
will be controlled in dependence on measures 
of temperature of the boiler tube metal in order 
to safeguard the boiler tubes from overheating. 

50 Means responsive to a particular operating 
condition are adapted, upon the occurrence of 
such condition, automatically to initiate a shut- 
ting down programme. Thus, for example, in 
the event cf fuiiure of feed pressure an,d fail- 

55 ure of a standby feed pump to come into 
operation, a shut down programme would be 
initiated. Simultaneously, in the event of the 
turbine being tripped out, the firing rate would 
he reduced to a minimum and, uTthe absence 

60 of return of the load demand, a shut down 
programme would be initiated. 

When a vapour generator is provided with a 
series or parallel arrangement of superheater 
and reheater uith control or by-pass dampers, 

65 the latter would, during starting up or shutting 



down, be automatically set to protect the re- 
heater metal. 

A programme appertaining to normal run- 
ning operation may appertain to such matters 
as shutting off burners upon fan failure; the 70 
automatic sampling 'of steam purity and dis- 
solved solids in the boiler water and the appli- 
cation of the results to control an intermittent 
or continuous blow-down; the periodic check- 
ing of the pressure on the grinding rings of 75 
pulverising mills and the recording of the 
pressure; or the checking and recording of the 
weight of balls in an idle tube mill or the 
weight of coal in an operative rube mill; and 
the control system may operate together with 80 
the locally positioned controllers and relays of 
conventional vapour generator control appara- 
tus. Preferably, however, the control system 
is also arranged to efTect control of the oper- 
ation of the vapour generator during normal 85 
working thereof. Thus, the control system 
will effect regulation of steam pressure and the 
temperature of superheat or reheat. 

With regard to the control of superheat or/ 
and reheat, advantageously the control system 90 
is adapted to exert alternative controls such 
that regulation to give maximum efficiency is 
obtained if this can be done with safety, but 
that otherwise regulation to ensure safetv is 
exerted. By way of example, in a vapour 95 
generator operating with gas recirculation and 
having a superheater and a reheater, each with 
an attemperator, and a by-pass to the reheater, 
die gas recirculation may be controlled to re- 
gulate superheat temperature should that tend 100 
to be low or reheat temperature should that 
tend to be low with ihc dampers closed, the 
reheat temperature being limited, if necessary, 
by opening of the by-pass dampers or, if the 
reheat temperature tends to become too high 105 
for safety, by attempcraticn and the tempera- 
ture of superheat being limited by attempera- 
tion. If, however, the necessity for increased 
gas recirculation in order to maintain the 
temperature of superheat is indicated, for ex- 110 
ample, directly as by a measure of the first 
superheat temperature or indirectly as by an 
indication of thi reduction in the supply cf 
attemperating fluid to a low value, and such 
increase would lead to undesirable or unsafe 115 
conditions in connection with the resuper- 
heatcd steam, as indicated, for example, 
directly by a measure of the temperature of 
reheat or indirectly by a positioning of the 
dampers in the fully open positive or of a 120 
value to initiate attempcraiion, then the gas 
recirculation will be controlled to maintain an 
optimum temperature of reheat. There is thus 
great ilexibility of control. 

The invention also includes a control sys- 125 
tern for a vapour generator having a plurality 
of fans for the supply of combustion air and 
a plurality of burners for discharging fuel to a 
furnace of the vapour generator, wherein 
burner control means arc adapted, upon failure 130 
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of a fan, to distinguish the operative burners 
from the inoperative burner or burners if any 
and to effect a reduction in the number of 
operative burners to a value suited to the 
5 number of fans in operation. In this way 
flame stability is ensured. 

Thus, in one application, a number of mills 
are arranged to supply respective burners or 
groups of burners and the burner control 
10 means are adapted to distinguish the opera- 
tive mills from the inoperative mill or mills if 
any and to effect reduction in the number of 
operative milis to a value suited to the number 
of fans in operation. 
15 In the case of a vapour generator arranged 
to be fired by alternative fuels, advantageously, 
the control system is adapted upon failure of 
one fuel supply automatically to exert control 
for bringing into operation another fuel 
20 supply. 

The invention also includes a control sys- 
tem, for a vapour generator external surface 
cleaning apparatus, arranged to operate by 
signals effected by two different states and 
25 adapted automatically to initiate operation of 
the cleaning apparatus. 

Suitably, variable-responsive means arran- 
ged to be influenced by a variable the value 
of which depends upon the state of the ex- 
30 rernal surfaces to be cleaned are adapted when 
the value of the variable is such as to indicate 
the need for cleaning to effect operation of the 
cleaning apparatus. 
The variable may, for example, be heat 
35 transfer to the fluid flowing through the tubes 
to be cleaned, or gas temperature at the outlet 
from a component of the vapour generator, 
for example, an economiser or air heater. 
Suitably, a measure of the variable is com- 
40 pared as bv subtraction from a standard value, 
and provision is made whereby The said value 
indicative of the need for cleanine is varied 
to compensate for different operating condi- 
tions of the vapour generator. Thus, the said 
45 value may be corrected for load, for the num- 
ber of burners in operation and for other 
pertinent conditions such as rate of gas re- 
circulation. As previously indicated, the clean- 
ing may he carried out by means of blowers 
50 cr by blowers acting in conjunction with shot 
cleaning apparatus. Some of the surfaces mav 
also be cleaned by water washing. 

The control system may also" be arranged 
to select and bring into operation in proper 
55 sequence various blowers in other elements of 
the cleaning apparatus. 

The control system may include a digital 
computer to which different programmes may 
be fed at will, for example, by means of 
60 punched tape. The computer in turn mav 
effect punching of tape in order to control a 
teleprinter. 

From the above description will be under- 
stood that the control system is adapted, by 
65 exercising a simple control sucn as the actua- 



tion of a press button switch, to effect starting 
up either from a cold state or a hot condition 
of plant comprising a vapour generator and a 
turbo-alternator or shutting down of the plant 
under normal conditions. The control system 70 
described is also adapted to effect emergency- 
shut down either in response to an automatic 
control or upon depression of the press but- 
ton. Furthermore, the control system is adap- 
ted to carry out all the controls normally 75 
necessary under running conditions. As a re- 
sult the task of the operator is greatly eased, 
necessary emergency action is taken with great 
expedition and the danger of incorrect opera- 
tion is lessened or avoided. 80 

By way of example, a typical programme 
for the starting up of a vapour generator 
from cold will now be described: — 

Before commencement of operation, equip- 
ment out of action must be isolated to prevent 85 
operation thereof and outstanding permits are 
fed by a coded signal into the control system, 
a suitable test signal being given whereby 
sensing means shows whether this necessary 
aeon has been taken. If the permits have not 90 
been fed or if an indication that there are no 
permits has not been given, the programme is 
stopped so that the omission mav be rectified. 

A test is made as to whether "all drain and. 
blow-down valves are shut, and if anv drain 95 
or blow-down valve is open, the programme 
is stopped and such state is indicated' by the 
teleprinter and must be rectified by the opera- 
tor, whereupon depression of the press button 
restarts the programme and the test is re- inn 
made. 

A test is made as to whether all access 
doors or the like are shut. In the event of any 
door being open such state is shown bv the 
teleprinter and the programme is stopped. 105 
After closure of the door or doors by the 
operator and depression of the press button, 
the programme is restarted and the test re- 
peated. 

All superheater drain valves and air vent 110 
valves are automatically opened. 

Two sequences in parallel are initiated. In 
one the feed pump is started, the feed pres- 
sure is checked, the water level is adjusted to 
1" from the bottom cf the glasses of the water 115 
gauges and the correct operation of the ?au?es 
is tested. In the other sequence, a full oil tank 
is selected, the oil fuel pumps are started and 
valves arc adjusted for controlling hearing of 
the oil by the oil heater. " i ^o 

Dampers are closed, such as induced- 
draught fan dampers, forccd-drauzht fan 
dampers, burner registers, tempering air dam- 
pers and primary air dampers. If any damper 
fails to close, the programme is stopped, the 125 
operator closes rhc damper and depression of 
the press button effects recheckine of die clos- 
ures of the dampers upon restarting of the 
proirxammc. 

The induced-draught fans are started up. If 130 
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both fans faiJ to start such condition is indi- 
cated by the teleprinter and the programme is 
stopped. 

Both forced-draught fans are started up. If 

5 one induced-draught fan or one forced- 
draught fan fails to start such condition is 
indicated by the teleprinter but the programme 
is continued. 
Two steps are cairied out in parallel. In 

10 one oil is admitted for the lighting up burners 
to the front and the usual purging is carried 
out. In the other step the oil burner registers 
arc opened for the flow of secondary air. If 
any register fails to open this is indicated by 

15 the teleprinter and will act to prevent sub- 
sequently inclusion of the associated oil bur- 
ner in the firing sequence. 

The induced-draught and forced-draught 
dampers are adjusted to give flow through 

20 the vapour generator for Jive minutes, and 
from then on the furnace suction is maintained 
say at 0.3" water gauge. The forced-draught 
output damper opening is controlled in steps 
relative to the firing rate until the steam flow/ 

25 air flow control is brought in. 

Subsequently, register dampers or other 
individual dampers of the oil burners are 
automatically actuated in dependence on load 
and/or time. 

30 The first oil burner of a sequence is selec- 
ted and the secondary air register is opened. 
If the particular burner cannot be selected it 
is indicated by the teleprinter and the next 
burner in the sequence is selected. The oil 

35 pressure is adjusted. A test is made to deter- 
mine whether the superheat inlet gas tempera- 
ture is below a predetermined value, say 
900 C F. If it is not, a control is exerted to re- 
duce the firing rate by adjustment of oil pres- 

40 sure. Another test is made to determine 
whether differential temperature in the drum 
metal is below a predetermined value, say 
1C0 C F. If it is not, a control is exerted to 
reduce the firing rate by adjustment of oil 

45 pressure. If both temperatures are below the 
predetermined values a test is made to deter- 
mine whether the burner is operating at a pre- 
determined cutout, for example 5CT/ of its 
output. If it is not, a control is exerted to in- 

50 create the linng rate by adjustment of oil 
prersure. If the output of rhe burner is as 
desired, a test is made to determine whether 
all the available oil burners have been selected. 
If ihey have not, then a fuither burner is 

55 selected and ihe cycle is repeated until all die 
available oil burners are in operation. 

After the firing rate of the operative oil 
burners has been increased to the desired 
value and pressure has been produced within 

60 tfie vapour generator, the drum vents aTc 
dosed. 

When the superheater tubes are cleared of 
condensate, the superheater drain valves* with 
the exception of the final outlet drain valve, 
65 are closed. When all the superheater tubes are 



cleared of condensate, the above mentioned 
limit of the furnace exit gas temperature is no 
longer necessary. 

The oil firing rate has gradually been in- 
creased and before the maximum rate of oil 70 
firing is reached the pulverised fuel system is 
checked and prepared the first mill to be 
selected being warmed up. When the first mill 
has been brought into operation, the next in 
sequence is prepared. Thus, when oil firing 75 
has been increased to the desired extent and 
other conditions are satisfactory rhe first mill 
of a sequence is selected. Such mili cannot be 
started unless the appropriate lighting up 
burner is in operation. Throughout the opera- SO 
tion, the oil burner flames have been moni- 
tored and from now on the pulverised fuel 
flames are monitored. 

From now on and until the boiler is on load 
the firing rate is restricted suitably to limit 85 
the differential temperature of the drum metal. 
The mill output is increased to a suitable de- 
gree and at the same time die output of the 
oil burners is reduced. 

Other mills are selected and are brought 90 
into operation as is necessary. 

Minimum load is maintained with oil firing 
in order to ensure flame stability. 

Before opening the main stop valve, blow- 
down is effected' to give a level* of half gauec 95 
glass. 

The steam range drain valves and the by- 
pass valve are dosed and the main stop valve 
is opened, the latter valve being controlled 
from the turbine. 100 

When the vapour generator is on load, the 
economiscr recirculation valve and rhe drain 
valve at the outlet of the superheater are 
closed. 

The firing rate is increased as required by 105 
the turbine. 

When the vapour generator is up to pres- 
sure the firing rate is controlled in depend- 
ence upon the pressure. 

When the output of the vapour generator i;o 
reaches a suitable proportion of the maximum 
load, means responsive to the ratio of the steam 
flow to combustion air flow are rendered effec- 
tive to control rate of firing. 

By vvay of example, the portion of the pro- 115 
gramme dealing with the introduction of addi- 
tional burners is now described in greater 
detail. 

A flame sensitive device, which may be u 
photocell, or means responsive to the sound 120 
produced by an operating burner, produje> ;:n 
electrical output which is passed to a d:zi> 
iser. The output frcm this is in the form «. : *t 
train of pulses representing the number 
burners in operation, suitably on a binary 125 
scale. 

This number is passed to a store which may 
be a rotating magnetic drum, a set of mag- 
netic cores, or a~ group of bi-stable triscer 
valves. * 1V> 
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The maximum number of burners is also 
stored in a similar manner. Under the direc- 
tion of a timing control these two numbers 
are compared by inverting one of them and 

5 adding. Suitable valve or transistor circuits 
arc well known for performing these functions. 

So Ions as the number of burners in use is 
less than the maximum, pulses representing 
the difference are fed to a suitable location 

10 in the store. When the burners in service reach 
maximum output, a number representing the 
r il flow to a burner having been compared with 
a preset number indicative of the maximum 
flow in a similar manner to that used to de- 

15 termine wten the maximum number of burners 
is in operation as described above. This part 
of the store will be read, and, if not zero, 
will bring in an additional burner by means 
of relays operating on the igniter, register 

20 motor drive, and oil supply valve motor. 

If the number stored is zero, all burners 
are in use, and this state may be recorded by 
suitable means, as, for instance, in the form 
of a punched paper tape fed to a teleprinter. 

25 It may be desirable to introduce an appro- 
priate time delay between, for instance, the 
operation of the igniter and the oil supply 
valve. A suitable means of obtaining such a 



delay is a loop circuit with a preset counter. 
The counter is reduced by unity at every cir- 30 
cuit of the loop and when the initial number 
is reduced to zero the operation of the relay 
is initiated. 

From thz above description will be under- 
stood the nature of the programme required 35 
for shutting down the vapour generator or 
controlling the normal operation thereof. 

It will be understood that a particular se- 
quence of operations may be carried out auto- 
matically by an auxiliary control unit the 40 
operation of which is initiated as a step in a 
programme contained in the storing means. 
There may be a plurality of such auxiliary 
control units appertaining to different sequen- 
ces or sets of operations. By way of example, 45 
an auxiliary control unit may effect testing 
as to whether drain and blow-down valves are 
shut and as to whether all access doors or the 
like are shut and may effect opening of super- 
•heater drain valves and air vents; or an auxi- 50 
liary control unit may erTect sequencial oper- 
ation of a number of sootblowers. 

For the Applicants, 

A. C. PRICE, 
Chartered Patent Agent. 



PROVISIONAL SPECIFICATION 
No. 24813 A.D. 1959 

Improvements in Automatic Control Systems for Vapour 

Generating Plant 



VC'e. Babcock & Wilcox Limited, a British 
Company, of Babcock House, 209/225 Euston 

55 Road, London, NAV.l England do hereby 
declare this invention to be described in the 
following statement : — 

This invention relates to control systems 
and particularly to control systems for vapour 

60 generators. In the specification of our co- 
pending Patent Application No: 26069/58 is 
described a control system adapted automatic- 
ally to start up or shut down a boiler or to 
effect control cf boiler operation during nor- 

65 mal working thereof. During the automatic 
control of a boiler and more particularly 
during starting up or shutting down thereof it 
may be necessary to vary the set point to 
which a variable such as steam pressure or 

70 steam temperature is icgulated and an object 
of the invention is to enable this to be done. 

Control systems for a vapour generator 
according to the present invention includes 
storing: means arranged to contain a coded 

75 programme and adapted to carry out the pro- 
gramme by transmitting in succession output 
signals each expressed as a particular sequence 
of two different states and set point varying 
means responsive to an output signal are adap- 

80 ted to effect adjustment of the set point of a 
control device to a required value predeter- 
mined bv rro.yrammc or automatically calcu- 



lated and the control device in response to a 
signal representative of the value of a variable 
is adapted to effect regulation cf the variable. 85 

An output signal may be automatically 
calculated by means of a digital computer 
forming part of the control system the com- 
puter in making the calculation utilising an 
input signal or input signals representative of 90 
the value of a variable or the values of respec- 
tive variables in the operation of the vapour 
generator. 

Advantageously the set point varying means 
are adapted io vary the value of "an electric 95 
set point signal and the control device in- 
cludes means for comparing the set point 
signal and an electric control signal the value 
of which is representative of the value of the 
variable. ioo 

Thus, in one embodiment, a device sensi- 
tive to a variable in die operation of the 
vapour generator, for example, a device re- 
sponsive to pressure, rate of How or tempera- 
ture acting through a transducer, is adapted to 105 
effect transmission of a comparator of an elec- 
tric control system representative of the value 
of the variable whilst an electric set point 
signal transmitted to the comparator is con- 
trolled by means of an adjustable rhcosrat 110 
driven by an electric motor under the control 
of a digital computer. When the set point 
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differs from the desired value determined by 
the setting of the rheostat, the comparator 
gives an appropriate output resulting in an 
output signal adapted to effect operation of 
5 means for efiecting regulation of the variable, 
for cxampie, in the case of rate of flow, opera- 
tion of a valve or damper. The output of the 
comparator may be transmitted through means 
for adjusting sensitivity or proportional band 
10 and through means for imparting an integral 
or derivative characteristic to the output signal. 

Suitably means are provided for giving a 
checking signal representative of the value* of 
_ die set point and control means are arranged 
15 ro initiate regulation of the set point when the 
value of the set point as shown bv the checking 
signal differs from the desired value. Thus 
suitably control means in die computer re- 
sponsive to the checking signal are adapted, if 
20 the set point as indicated bv the checking 
signal curlers from the required value as de- 
termined by a digital computer to effect the 
output signal necessary for the adjustment of 
the set point. 

25 From the above description will be under- 
stood that the computer is provided with 
means for governing * the regulator of a vari- 



able and hence the variable itself. A checking 
signal indicative of the actual value of the set 
point fed to the computer mav be derived in 30 
any suitable fashion, tor example, bv means of 
a pneumatic-electric or other transducer. 

In the operation of the vapour generator, 
the computer at an appropriate time ot times 
senses the set point by means of a checking 35 
signal and having determined the actual value 
of the set point effects any necessarv adjust- 
ment by means of the rheostat motor which 
suitably is a reversible electric motor adapted 
to run in the forward or reverse direction or 40 
to remain stationary- under the control of the 
computer Any variation of the set Doint re- 
sults in operation of the regulating means to 
effect adjustment of the variable "to the de- 
sired value. 45 

Instead of utilising a potentiometer to adiust 
the set point, the set point mav be adjusted in 
other suitable known manner/as bv adjusting 
the pivotal point of a beam or the biasing 
force exerted by a spring. ' 30 

For the Applicants. 
A. C. PRICE, 
Chartered Patent Agent. 
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